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1.0 INTRODUCTION 

This report addresses the development of programmatlc mk-based prelunmary remehatlon goals 

(PPRGs) for the sand and gravel-rnuung land use exposure scenano at the Rocky Flats 

Environmental Technology Site (WETS) The m m g  exposure scenano is considered m 
addihon to those identfied m Programmatic Risk-Based Prelimnary Remediation Goals, Final 

Revision I (DOE, 1994a) As a result, thls report is an addendum to and not mended to replace 

h s  cited Department of Energy (DOE) report The PPRGs discussed herem, as those m DOE 

(1994a), are contaminant- and medium-speclfic concentratlons intended to support evaluatlons 

of human health nsk and the assessment of remedal achon alternatlves 

1.1 Purpose 

Based upon review of current and future muung opportumhes for land around WETS 
boundanes, it was determmed that sand and gravel m m g  1s a plausible land use and PPRGs 

development for the m m g  exposure scenano was necessary The purpose of thrs report 1s to 
present the methodology for the development of PPRGs for thu scenano at WETS and the 

resulung PPRG values DOE has developed PPRGs for WETS for the followmg exposure 

Scenarios residenhal land use, commercialhdustnal (office worker Scenano and constructton 
worker scenano) land use, and ecological researcher use. For these exposure scenarios, PPRGs 

were developed for surface sod, subsurface sod, groundwater, and surface water (DOE, 1994a). 

Tlus report and the PPRGs contarned herem supplement prewous DOE efforts to develop PPRGs 

for WETS 

1.2 Scope 

l h s  report addresses the development of PPRGs whxh are contammant- and medium-specrfic 

concentratlons Only the PPRGs for the sand and gravel m m g  land use exposure scemo are 

developed 111 h s  report. These PPRGs are mtended to support evaluatlons of human health nsk 

and to assess remeQal actlon alternattves. The PPRGs presented m t.hs report are estabhhed 
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for a lifeume additlonal cancer nsk of 1 OE-06 (one in one mdhon) and a hazard mdex (HI) of 

1 0 This does not imply that acceptable nsk levels for the RFETS have been estabhshed 

PPRGs for other target nsk levels and HQs can be denved through smple h e a r  mterpolatlon. 

For example, a PPRG for a cancer excess hfetune nsk of 1 OE-05 (one m 100 thousand) IS ten 

tunes the 1 OE-06 PPRG 
c-  

1.3 Background 

Mming of sand and gravel for both pnvate and pubhc uses has been underway mide the western 
edge of the RFETS buffer zone smce the early 1900s (DOE, 1994b) T ~ I S  mmng has been 

sanctloned through permits Since 1990, Western Aggregates, Inc (WAX) has operated a mme 
and a processing plant in the WETS buffer zone Currently permitted reserves of the mme wdl 

be processed m 15 years wth the plants' current configurabon Recently, WAI submitted a 
permit apphcauon to mine sand and gravel m two addiuonal locauons m the RFETS buffer zone 

(DOE 1994b) These reserves potentlally represent another 10 years of m m g  operauons A 

sand and gravel rnrnrng land use exposure scenmo at RFETS is bemg considered for the 

assessment of potenual mpacts to a human receptor because of h s  permit applrcatlon 

Mmmg operauons at these sites extract and process sand and gravel The capabhhes of the 

processmg plant mclude crushmg, screemg, and washmg to remove clay Further detarl of the 

rnmng process IS presented m Section 2 0 - -  - 

The environmental medium mcluded for PPRG development 1s subsurface sod The exposure 

pathways to workers at sand and gravel mlnrng facAQes at WETS are. 

0 

0 

0 

Ingestlon of sod dunng extracuon and processing 

Inhalatlon of fugitwe dust generated dumg extractlon and processmg 
Inhalatlon of volatde orgamc compounds (VOCs) volatdued from subsurface sod dumg 

extractlon 
Direct irradiauon from ra&onuchdes contamed ~II the SOL 0 
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1.4 Report Organization 

This muoduchon presented the purpose, scope, and background of thts report. Sechon 2 0, 

Approach to Mmmg Exposure Scenano PPRGs, identrfres the vanable values and presents the 

assumphons and equahons employed to derive the PPRGs used to evaluate muung worker risk 

Sechon 3 0, Chemical-Speclfic Informahon, provides specrfic tomcity values and chemical and 

physical propemes used to calculate PPRGs The PPRGs for the mirung exposure scenano are 
presented m tables m Sechon 4 0, followed by the references in Sectton 5 0 

- -  
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2.0 DEVELOPMENT OF PPRGS 

TIus sechon idenMia the vanable values and presents the assumpuons and equatlons used to 
calculate the PPRGs for the sand and gravel mmng land use exposure scenario. Except where 

appropnate site-specrfc m u n g  parameters are avadable, the U S Environmental Protecbon 
Agency (EPA) guidance cited m Programmatic Risk-Based Prelimnary Remedianon Goals, Final 

Revision 1 (DOE, 1994a) are used to denve the nsk-based equattons and exposure parameters 

to calculate the PPRGs for the m m g  land use exposure scenano 

_- 

2.1 Parameters for PPRG Equations 

Parameters for equahons to calculate m n n g  exposure Scenano PPRGs are denved from two 

m a n  sources site-s@ic mmng processes and EPA pubhshed rnatenal Each of these sources 

are descnbed m the following subsecuons 

2.1.1 Mining Process Sources 

General muung operatton processes mclude the movement of the surface sod, extrachon and 

processmg of subsurface sod, and restorahon of approxrmately a 10-acre site each year The 
top 12 mches of surface sod IS scraped usmg three mecharucal scrapers This process takes 

approxunately three days For the remamder of the year, the subsurface sand and gravel IS 

removed w i b  the 10-acre area. The saturatton zone of the m m g  site is not accessed because 

the sand and gravel from thts zone does not process well 

After a year of extractton of the sand and gravel from the 10-acre area, ttuS area is restored by 
f u g  the m m g  pit, covenng the area wth the 12 rnches of surface sod scraped from the next 
10-acre extracuon area, and &g and plantmg tree seedlings A further explanauon of 

geological and mmng studies relevant to WETS is avarlable m Minmg Exposure Scenario for 
Baseline Risk Assessments at the Rocky Flats Environmental Technology Site (DOE, 1994b) 

2- 1 



. 
In their currentiy permitted mmmg locatton, WAI operates a minmg crew of five to SIX 

employees and a collocated processrng plant crew of 13 employees The mmng crew IS made 

up of two truck dnvers, one backhoe operator, one bulldozer operator and one rebever These 
crews typically operate 10 to 12 hourdday, one shrft/day, 12 months per year. The average 

number of days per year worked is 250 days (Meyers, 1994), of whch, only 247 days are 

possible exposure to subsurface sod chemicals The estunated employee turnover rate for WAI 

is one to two persondyear 

- 

2.1.2 Published Material Sources 

As ~II the Programmaac Risk-Based Preliminary Remediaaon Goals, Final Revision 1 (DOE, 
1994a). all Target Analyte List (TAL), Target Compound Lst  (TCL) orgamcs and 12 

radionuchdes have PPRGs denved for the sand and gravel m m g  land use exposure scenano 

for subsurface sod exposure 

EPA recommends standard default parameters m several pubhhed guidance documents (EPA, 

1989a, 1990, 1991a. 1994a,b,c,d,e) These values are used m the equauons to calculate the 

m m g  land use exposure Scenano PPRGs where appropnate Included are an adult body weight 

of 70 lulograms (kg), 70-year averagmg tune for carcmogens and 25-year averagmg tune for 

noncarcmogens, exposure duratron of 25 years (EPA, 1989a). and pmculate emission factor 

of 4 6E+W m 3 k g  (EPA 1991b) Because the m m g  crew typically do not perform strenuous 

acttvitres dunng the m m g  operauons, the parameter of dady mhalatton rate is a combmatron 

of that for a restmg and acttve adult (0 83 m3/hour, EPA, 1990) The muung crew work m an 

enclosed cab of the machmery to perform the m m g  operattons. Therefore, a workday sod 

mgestron rate of 75 mdhgram (mg)/day based on a 12-hour work day @PA, 1991a), has been 

chosen for the calculatron of the r n m g  land use exposure Scenano PPRGs 

2.2 Mining Land Use Exposwre Scenario Assumptions 

It IS assumed that the only medium for whch r n m g  personnel have sigdicant exposure IS 

subsurface sods The mmng operattons extract subsurface sods. The m u g  personnel are 
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assumed to be exposed to the surface sods for only three days per year dunng the scraping 

process Thls three-day exposure penod is a non-chromc exposure. For the purpose of denving 

PPRGs for the mming land use exposure scenano, only chromc exposure wfl be assessed 
Therefore, PPRGs for acute exposure to surface sods are not derived 

For the r e m m g  247 worlung days per year, the m m g  workers are exposed to subsurface 

sods Using the EPA default value for commercialhndustnal worker, worker exposure is 

assumed to contmue for 25 years 

2.3 Mining Land Use Exposure Scenario Equations 

The nsk-based equahons for m i m g  workers mclude the followrng exposure pathways 
0 

0 

e 

0 

Ingesuon of sod dunng extrachon and processmg 
Inhalahon of fugihve dust pmculates generated dunng extrachon and processing 
Inhalahon of VOCs volahhzed from subsurface sod wide m m g  workers are extrachng 
Direct irralahon from radionuchdes contamed m the sod 

Inhalahon of pmculates does not apply to VOCs (1 e., Henry’s Law Constant greater than 
1 OE-05 ar.m-rn’/rnole and a molecular weight less than 200 g/mole) (EPA, 1989a) 

The PPRGs denved and presented m Programmanc Risk-Based Prelimnary Remedianon Goals, 

Final Revision 1 (DOE, 1994a) were not developed wth the mcorporauon of the dermal 

exposure route, only the oral, mhalatlon, and external irradiatton exposure are considered 

M m g  personnel work with heavy equipment m enclosed cabs and do not work m close contact 

wth the subsurface sod. Therefore, the mmng land use exposure scenano wdl also not 

mcorporate the dermal exposure route. 

The PPRG equatlons, parameter identtficatton, parameter values, and parameter value sources 

, for exposure of a m m g  worker to subsurface sods are shown m Tables 1 ,  2, and 3 for 

carcmogens, noncarcmogens, and ralonuchdes, respectlvely EPA guidance does not s p d y  
exposure assumpborn specific to a m m g  worker receptor. However, EPA guidance for 
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cornrnercial/industnal worker receptors is avadable and default values for parameters from these 

pubhshed guidance documents are used m the mmng land use exposure scenano equabons 

(EPA, 1989a, 1990, 1991a,b, 1992) Site-specrfic and mirung processes-specrfic values for 

parameters are used where apphcable. -- 

For the pathway mvolvmg inhalabon of volatdes, a volatWabon factor was calculated accordmg 

to EPA guidance as shown m Table 4 developed from Dman (1992) Ths  is consistent with the 

construcuon worker scenmo m Programmanc Risk-Based Prelmnary Remediation Goals, Final 

Revision I (DOE, 1994a). The volathzabon model 1s apphcable only for the contammants m 
the unsaturated sod zone. For the purposes of denvmg PPRGs for the m u g  land use exposure 

scenmo, it 1s assumed that the saturated zone of the m m g  site is not accessed because the sand 

and gravel from tlus zone does not process well Thus, the equabon for the denvabon of the 

volatllizabon factor presented m Table 4 1s appropnate for the m m g  land use exposure 

Scenano 

i 

I 
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Table 4 
Volauhzabon Factor for Unsaturated Conditions 

Equauon, Parameters, and Parameter Sources for Calculatmg the Subsurface Sod 

( L s x v x D H ) x ( 3 1 4 x o r x ? ) i p  
_-  A 
2 x Dd x P,, x K‘ x 10’’ kg/mg 

w =  

where 

Vanable 

VF 
Ls 
V 
DH 
A 
De 
p, 
PI 

13 
Pt 

e 

KJ 
T 
D, 
H 
I(d 
K, oc 

ExDianatlon (Units) 

volatduatlon factor (m3/kg) 
length of side area (m) 
wmd speed m m m g  zone (m/s) 
ddfusion height (m) 
area of contammatron (an2) 
effectwe ufusivity (cm2/s) 
ar-filled sod porosity (umtless) 
total sod porosity (urntless) 
sod molsture content (cm3-water/g-sod) 
soil bulk density (g/cm3) 
true sod density or partlcle density (g/cm3) 
sod-ax pmtlon coeffiaent (g-solYcm3-ar) 

exposure mterval (s) 
ddfusivity m a r  (cm*/s) 
Henry’s Law constant (atm-m3/mole) 
sod-water pmtlon coefficient (cm3/kg) 
orgmc carbon partloon coeffiaent (cm3/kg) 
orgmc carbon content of sod (frachon) 

Default Value 

- 
45 m 
2 25 m/s 
2 m  
20,250,000 cm2 
D, x (Pp33/P:) cm2/s 
PI - el3 
1 -(fi/P,) 
10% or 0 1 cm’-water/g-sotl 
1.5 g/cm3 
2 65 g/cm3 
( H / U  x 41 g-solYcm3-illr 
(41 is a conversion factor) 
7 9E+O8 s 
chemical-speclfic 
chemical-speclfic 

chemcal-specrfic 
2% or 0.02 

K , x o c  

Source Dman, J. 1992 Changes to Equat~orts in the Part B Guidance Note to 
Regional Toxrc Integrataon Coordinators. November. 
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3.0 CHEMICAL-SPECIFIC INFORMATION 

"hs secuon presents chemical-spdic mformatlon necessary to calculate the mmhg Iand use 
exposure Scenano PPRGs. ' h s  informahon rncludes toncity values and chemical and physical 

propemes The chemical-specrfic tomcity values and chemical and physical propems used for 
the calculauon of the PPRGs for the mrnmg land use exposure scenano are presented rn Table 

5. The tomcity informatlon used to calculate the PPRGs rnclude the SFs for evaluatmg 

carcmogemc effects and the RfDs for evaluawg noncarcrnogemc effects Toxicity values are 

obtiuned from the latest mformahon avadable m IRIS (EPA, 1994a). If values are not avalable 

from IRIS, Health Effects Assessment Summary Tables (HEAST) Annual Update @PA, 1994b) 

is consulted Values for polycyclic aromatx hydrocarbons (PAHs) are calculated usmg EPA 

gmdance enutled Region 8 S u p e w d  Technical Guidance No RA-04 PAH Tomcity Values 

Development of Tomcity Values for PAHs to Use in Human Health Risk Assessment (EPA, 
1994e) Values for tetrachloroethene and tnchloroethene are both from EPA memos from the 
Office of Research and Development (ORD) Environmental Cntena and Assessment Office 

(ECAO) (EPA, 1994c,d) 

Chemical-specrfrc chemical and physical propemes presented rn Table 5 rnclude Henry's Law 

constant, orgmc carbon partmon coefficient (L), water solubhty @PA, 1986), and dsffuvity 

(D,) (EPA, 1988) 
-_ - 
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4.0 PPRGS FOR THE MINING LAND USE EXPOSURE SCENARIO 

Ths secuon presents the PPRGs for the muung land use exposure scenano. For each potenhal 
chemical, the calculated PPRGs for the sand and gravel mmng worker exposure scenano are 

presented in Table 6. Table 6 & presents the subsurface volat&zauon factors for each 

potenttal chemical These PPRGs are pement to all of the OUs at WETS should the 

contammant be identrfied as an OU-spec& chemical. However, OU-speclfic factors may 

supersede some or all of the PPRGs should these factors preclude one or more of the exposure 

pathways used as the basis of the nsk-based equattons For example, the PPRGs for the sand 

and gravel m m g  land use exposure scenano may not be appropnate for areas where the future 

land use wlll be an ecological preserve 

Because of the conservaaveness of the PPRG process and parameter values, several PPRGs 111 
Table 6 are greater than one mdhon (1 OE+06) mgkg T ~ I S  value is the same as one W o n  

parts per m a o n  (ppm) Ths value mdicates that the chemical IS pure m the me&a and the use 
of such hlgh PPRGs 1s quesuonable 

Conslstent wth the Programmanc Risk-Based Prelimnary Remedianon Goals, Final Revision 

1 (DOE, 1!394a), the PPRGs presented m Table 6 are not rntended to be the fmal cleanup 

standards hsted 111 the RFETS OU-specfic Records of Decision (RODS). Other factors wdl need 

to be considered when estabhbg the frnal cleanup standards such as 

Background contammant concentrattons 
Results of the OU-specific basehe nsk assessment (BRA) 

Technology lurutat~ons 

Analytical methods and detection h i t s  

Contammant-s-ic Apphcable or Relevant and Appropnate Reqmrements (ARARs) 
Cost-benefit evaluauons 

Worker safety 
Ecological effects. 
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Aroclor- 1248 
Aroclor- 1 254 5 02E-01 
Aroclor- 1260 5 02E-01 
Arsenic 2 21E+00 4 14E+02 
Banum 9 52E+W 
Benzene# 105E+04 103E+01 

beta-BHC 2 15E+00 
de Ita-B HC - 
pamma-BHC (Lindane) 2 97E+00 4 14E+02 - 
&nzo(a)anthracenc 5 29E+00 
&nzo(a)pyrene 5 29E-01 
&nzo@)fluoranthene 5 29E+00 * 

Benzo(g .h.i)perylene 
Benzo@)fluoranthene 5 29E+01 

Benzyl alcohol 4 14E+05 
6 90E+03 Berybum 8 98E-01 

bts(2-Chloroethoxy)methane# 

bis(2-ChlorotsopropyI)ether# 5 52E+01 S 528+04 
I 2 76E+04 bis(2-Ethylhexy1)phthalatc 2 76E+02 

Bronm%chloromethane# 6 23E+01 2 768+04 
Bromoform# 3 09E+W 2 2SE+02 2 76E+W 
Bromomethane# 193E+03 
4 - Bromophenyl phenyl ether 
2-Bu tanone# - 8 27E+OS 
Bu tylbenzylphthalate 2 76E+O5 
Cadrmum 2 13E+04 6 90E+02 
Calcium - 
Carbon &sulfide# - I38E+OS 
Carbon tcvachlondd 5 95E+03 3 lOE+OO 9 65B+02 
Cesium 
alpha-Chlordane 2 97E+00 8 28E+01 
beta-Chlordane 2 97E+00 8 28E+Of 
gamma-Clordane 2 97E+00 8 28E-l-01 
4 - Chloroanahne 5 528+03 
Chlorobenzene# 2 85E+04 1 59E+03 
Chloroethanen 4 78E+03 - 142E+OS 
Chloroform# 8 84E+03 3 17E+00 1 38E+04 
Chloromethane# 2 978+02 
4 - Chloro -3- methylphenol 
2 - Chtoronaphthalene# 110E+05 

alpha-BHC 6 13E-01 

Benzoic acid I 5 52E+06 

bis(2-Chloroethyl)ether# I 3 51E+00 

- 

-~~ ~~- 

- 
I 
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* Table 6 Rrsk-Based PPRGs and Volauhzation Factors for the WETS M m g  Land Use Exposure 
Scenano. 

Target Analyte List 

4 3  
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\ 

4 - Methylphcnol 
Molybdenum 
Naphthalene# 
Nickel 

Table 6 hsk-Based PPRGs and Volathzatlon Factors for the WETS M m g  Land Use Exposure 
Scenario 

- 
6 90E+03 
5 52E+04 

- 2 76E+04 

.... 

~~~ ~~ 

2 - NltroanlIme 
3 - Nitroamline 

Nitrobenzene# 
2 - Nitrophenol 

4 - N i t r o h e  

Target Analyte Llst 

I - 

6 90E+02 

I I Subsurface Soli PPRG 
Mung Noncucrnogen 

4 - Nitrophenol# 
n - Nitrosodtphenylammdt 
n - Nitrosodtpropylmne 
Pcntac hloroohenol 

1 

1 

- I 
7 88E+02 
5 52E-01 
3 22E+01 4 14E+04 

\ 

,Lead I I I 
Lithium I 2 76E+04 
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Table 6 ksk-Based PPRGs and Volat&zaUon Factors for the WETS Mrnrng Land Use Exposure 
Scenano 

Target Aaalyte List 
Subsurface Sod Muung Carcwgen Mmmg Nonarcrnogtm 

vdathzatxm Factor Subsurface Sod PPRG Subsurface Sod PPRO 

I 

'Cesium - 137 6 47E-02 
'Plutonium - 238 9 74E+00 - 
'Plutomum - 239 9 33E+00 - 
[Plutomum - 240 9 33E+00 
RaQum - 226 2 22E-02 
LRa&um - 228 4 59E-02 
Strontium - 89 2 03E+02 
Svootlum - 90 6 00E+O1 
Tnuum. 4 WE+@ 
Uranium - 233 124E+02 - 

I Uramum - 234 125E+02 
Uranium - 235 5 53E-01 
Uranium - 238 2 55E+00 

- 

I 
Cvantde I -  

* value given 1s UI pcln, 



.-. 

These PPRGs are not to be used as standardmd b i t s  to enable screemg of potenttal remedial 

technologies and alternattves. As addittonal informatton IS obtatned through the Comprehensive 

Enwonmental Response, Cornpensatton, and Liablllty Act (CERCLA) RemeQal 

InvesttgattodFeasibfity Study (RYFS) and RCRA Facrllty InvestlgattodRemedd Investtgatton 

RFURI and Correcttve Measures Study/Feasib&ty Study CMS/FS process, changes wrll be 

incorporated as soon as possible dumg the development and screerung of alternabves or detarled 

analysls of alternattves 

c- 

z 

. 
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